In 1993 we reported ''exact'' quantum Monte Carlo ͑QMC͒ calculations of potential energies for the interaction of two helium atoms.
In 1993 we reported ''exact'' quantum Monte Carlo ͑QMC͒ calculations of potential energies for the interaction of two helium atoms. 1 For the equilibrium internuclear distance of 5.6 bohr, the calculated interaction energy was Ϫ11.01 K with an uncertainty of Ϯ0.10 K ͑1͒. By 2001 competing methods had achieved similar accuracies in the interaction energies and we repeated our calculations with faster computers to obtain higher accuracies. 2 With these we obtained an interaction energy at 5.6 bohr of Ϫ10.98 K with an uncertainty of Ϯ0.02 K. Competing methods have again achieved similar accuracies and we have again repeated our calculations with still faster computers. This time we obtained a value of Ϫ10.998 K with an uncertainty of Ϯ0.005 K.
New calculations were also made for several other internuclear distances. Except as noted below for long range interactions the computer program was essentially identical to that used previously. The ''cancellation'' method used is exact in that it requires no mathematical or physical assumptions beyond those of the Schrödinger equation. There is no node-location error. As in most Monte Carlo methods there is a statistical or sampling error which is readily estimated.
The energy calculated for the dimer at 5.6 bohr is Ϫ5.807 483 583Ϯ0.000 000 016 hartrees. That of two separated helium atoms is Ϫ5.807 448 754 hartrees ͑Refs. 1, 2͒ and the computed interaction energy is Ϫ0.000 034 829 Ϯ0.000 000 016 hartrees. This corresponds to Ϫ10.998 Ϯ0.005 K. This result is listed in Table I .
Also listed in Table I Results of our new calculations for other distances are listed in Table II . These include those at Rϭ4.0 bohr, for comparison with several other methods; with R in the range of 7.0-15.0 bohr, for which properties such as the average size of the molecule are most sensitive, 7 and at Rϭ25.0 and 50.0 bohr to provide a check of QMC results with those of perturbation-variation calculations.
As may be seen in Table II the QMC results and others listed are consistent with the analytic variational calculations of Komasa and Rychlewski. 18 The interaction energies of van Mourik and Dunning 5 from CCSD͑T͒ calculations extrapolated to full CI and those of Gdanitz 7 from r12-MR-ACPF calculations are in good agreement with the QMC results, except that the ACPF result at Rϭ5.6 is a little too high.
In calculating energies for Rϭ25.0 and 50.0 bohr we replaced those parts of the local energy expression corresponding to single atoms with the exact values of the energy for a single atom. This reduced the variance in local energies to that of the interaction terms. Although the effect is negli- 20 and by Chen and Chung. 21 The two recent calculations give C 6 , C 8 , and C 10 coefficients leading to interaction energies of Ϫ0.001 919 and Ϫ0.000 029 64 K at Rϭ25.0 and 50.0 bohr, respectively. The QMC energies agree within their uncertainties with these. Trial wave functions tailored for these distances could improve the QMC accuracies.
The potential energies of van Mourik and Dunning 5 and of Gdanitz 7 have been used by Gdanitz 7 to predict the average internuclear distance ͗R͘ and the binding energy D 0 for the dimer molecule. These predictions are 46.4 Å for ͗R͘ and 1.67 mK for D 0 . The estimated uncertainty in the prediction of ͗R͘ is about 1 Å. Use of the new QMC values would not change the predictions significantly, but it would reduce the uncertainty. Experimental measurements of ͗R͘ by Luo et al. 22 and by Grisenti et al. 23 indicate values of 62Ϯ2 and 52Ϯ4 Å. More accurate measurements would begin to challenge theoretical predictions and might raise questions about the treatment of retardation due to the Casimir-Polder effect and corrections for the Born-Oppenheimer approximation.
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